Abstract-Switched reluctance machine has various desirable features, which comes from its simple construction. They are the wide speed range, high temperature operation and small moment of inertia. There are many control variables, such as: firing angles, reference current, speed and voltage. This paper presents a nonlinear model of 6/4 Switched Reluctance Generator (SRG) with two converter (one with generator side and other with grid side) based on wind Energy system. This system provides a new approach to maximize the amount of power generated. Closed loop control with based PI current Control model is used. A Power converter in SRG can be produced maximum power efficiency and minimize the ripple contents in the output of SRG depend on the converter angles. A second power converter namely PI based controlled PWM inverter is used to interface the machine to the Grid. This system proposed feasibility and validity are simulated on MATLAB/SIMULINK.
I. Introduction
Wind energy is one of the renewable energy must used actually. The electrical induction machines and synchronous generators are widely used in wind turbines. Wind generators have been widely used both in autonomous systems for power supplying remote loads and in grid-connected applications. Wind generator systems are Induction Generators (IG), Double Fed Induction Generators (DFIG) or Permanent Magnet Synchronous Generators (PMSG). The speed of IG is close to fixed value of speed. Thus, the wind power utilization factor cannot be maintained at the optimal value during wind speed variation. The DFIG can change its operating speed and has better utilization factor of wind energy. However, the structure of DFIG is complex and a gear box is required which results in reducing system reliability and more maintenance works. The variable speed of PMSG can be directly driven without gearbox, but its material cost is high and more efforts are required to improve its performance, reliability and reduce its cost and size. SRG has been studied and pointed as a good solution for applications of wind generation systems up to 500kW, [1] . SRG has as main characteristics: mechanical robustness, high starting torque, high performance and high power density [2] [3] [4] . These features make it very suitable for the application of direct-driven wind turbines. SRG can operate at variable speeds and its operating range is broader than synchronous and induction generators. Some works that study the behavior of the SRG in case of variable speed were presented in [5] [6] [7] . The analyze SRG operating performance of are presented. In this work is performed a control method of SRG through simulation techniques using mathematical models of the studied system. A wind power generation with SRG connected to the grid was performed based on control of two separate converters. The control of the converter connected to SRG regulates the extraction of electrical power to be generated and the control of the converter connected to the grid is responsible for regulate the transmission of the generated energy to the grid. Fig. 1 , shows 6/4 SRG. The winding A-A' in Fig. 1 is one of the machine phases. Fig. 2 shows the idealized inductance profile of a SRG. If saturation is neglected then the inductance varies linearly with respect to the overlap between the stator and rotor poles. The inductance is maximum when the rotor and stator poles are fully aligned and minimum when the poles are completely unaligned. For generation, the machine phases are excited during the negative slope of the inductance profile, [2] . Fig. 3 shows the block diagram of the system. It is consist of wind turbine, SRG, asymmetric H-Bridge (AHB), and PWM inverter with control system 
Wind Turbine Power
To use the energy contained in wind is necessary to have a continuous and fairly strong wind flux. The modern wind turbines are designed to achieve the maximum power in wind speeds in the order of 10 to 12 m/s. The mathematical model allows calculating the aerodynamic torque mechanical value or mechanical power applied to the shaft of the electric generator from the information of the wind speed and position value of the step angle of the turbines. The model also depends on the type of the turbine to be represented as having the characteristics of vertical or horizontal axis, number of blades, blade angle control, and regardless of the type of electrical generator chosen or the type of control of converters. Accordingly, this allows it to be studied regardless of the types of electrical generators. The mechanical power in steady state can be extracted from the wind is, [8]:
Where, P m mechanical power of the turbine, ρ density of air, A area swept by the turbine blades, υ wind speed and C P coefficient of performance, λ a tip speed ratio, and β blade pitch angle. The power coefficient of C P indicates the efficiency with which the wind turbine transforms the kinetic energy contained in wind into mechanical energy rotating. Therefore, for wind speeds below rated speed operation with variable speed rotor increases efficiency in power generation [8] . The profile of optimizing the efficiency of the power generated for variable speeds can be expressed by:
(2) Where P opt is the optimum power and k opt depends of aerodynamics of the helix, gearbox and parameters of the wind turbine. The power curve speeds of a typical wind turbine are shown in Fig. 4 . The value of maximum wind turbine output power per unit can be obtained by putting zero pitch angle and Betz limit, when the velocity of wind turbine is 12 m /s. The mechanical output power P m of the wind turbine, which is the input power to the generator, varies with wind speed as shown in Fig 4. 
Characteristics of Generating Operation
For the SRG in table 1, [9] , the work done and the torque can be evaluated from the area enclosed between the aligned and unaligned flux linkages versus excitation current characteristics as shown in Fig. 5 . In a SRG, The electrical equation for a phase of the 6/4 SRG is, 
where v a is the phase a winding voltage; i a , i b , and i c are the phases currents; R a is the resistance of the winding; L aa is the self inductance of phase a; L ab is the mutual inductances among phases a and b; L ac is the mutual inductances among phases a and c; θ is the rotor angular position and the so the rotor angular speed is:
The induced electromotive force is given by:
The stator winding is fed in DC. When the back electromotive force is negative it increases the current converting mechanical power into electrical power and the machine acts as a generator. The dynamic mechanical equation for the SRG is to be noted that the electromagnetic torque T e comes as a negative quantity, so acting against the rotor mechanical speed. where T m and T e are the mechanical torque and the electromagnetic torque respectively, J is the inertia and D is the coefficient of friction. And the corresponding electromagnetic torque for a three phase SRG is given by:
where W co is the co-energy of a phase of SRG. The mathematical model of the SRG regarding a three phase prototype is shown below: 
Power converters
The converter used to drive SRG was the AHB converter. This converter is connected via the DC link with the voltage source converter that it is connected to the grid. This system is shown in Fig. 6 . The diagram of the direct power control is shown in Fig.  7 . The control consists in table select the value of angle θ on and θ off depend on the wind speed, [11] . These values are in table 2. The power grid Converter, shown in Fig. 8 , controls the voltage V dc and it allows sending the generated power by SRG to the grid.
The control strategy applied to the converter voltage source consists of two control loops. The current loop control (i sd , i sq ) is responsible for controlling the power factor of the power sent to the grid. The control voltage of the DC link is responsible for balancing the flow of power between the SRG and the grid, [12] . The control voltage of the DC link is performed by a PI controller, which comes from the reference value i * sd , while the value of i * sq is derived from the power factor desired and P ref . 
III. System Results:
The power control system proposed for the SRG connected to the grid was simulated using Matlab/Simulink software. The output power by the SRG and reference power with variable wind speed are shown in Fig. 9 . While, Fig. 10 is shown the rotor speed of SRG depend on change of wind speed. The time of steady state is take less than 0.1 sec. Figure 11 shows the inverter phase currents of AHB, it which observe the variation of current amplitudes, a fact that is justified due to the fact the controller changes in the value of angle θ on and θ off . The torque of SRG is shown in Fig.  12 . While, the output voltage of DC link is shown in Fig. 13 . The DC link value is L= 5 mH and c= 5000 F. 
IV. Conclusions
This paper was presented a proposal for direct control of power for a SRG based wind turbine system for output power. The power control of the generator is directly without using current loops. A model of SRG has built using MATLAB/SIMULINK Software. The controller has a satisfactory performance and no complexity. The Generator performance, including output power, was simulated in terms of turn on and turns off angles for different wind speeds The AHB converter was robustness, the stages of regeneration energy and freewheels when needed. The simulation results confirm the effectiveness of the power controller during conditions of generator operation at variable wind speed. Thus, the strategy of direct control of power is an interesting tool to control the power of the variable reluctance generator powered wind turbines.
